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1 Intr oduction

PAFI is a setof programsthatcanbeusedto find frequentpatternsin largeanddiversedatabases.Thecurrentrelease
of PAFI includesthreedifferentpatterndiscovery programscalledLPMiner, SLPMiner, andFSG. LPMiner finds
patternscorrespondingto itemsetsin a transactiondatabaseandis basedonthealgorithmdescribedin [5]. SLPMiner
findspatternscorrespondingto sub-sequencesin a sequentialdatabaseandis basedon thealgorithmdescribedin [6].
Finally, FSG findspatternscorrespondingto connectedundirectedsubgraphsin anundirectedgraphdatabaseandis
basedon thealgorithmsdescribedin [3, 4]. Theseprogramscanbeusedto minea wide-rangeof datasetsarisingin
commercial,informationretrieval, andscientificapplications[1].

All threeprogramscanbeusedto find patternsthatsatisfyaconstantminimumsupport.Moreover, akey featureof
LPMiner andSLPMiner is that they canfind long frequentpatternswithout finding a largenumberof shortpatterns
thatareoftenuseless.Thisis achieved byusinglength-decreasingsupportconstraints, wheretheminimumoccurrence
frequency of apatternis given asa non-increasingfunctionof patternlength.

PAFI’s patterndiscovery programsusuallyprovide threeadditionalfunctionalities. First, all threeprogramscan
generatemaximal frequentpatterns.A maximal frequentpatternis a frequentpatternthat is not containedby any
otherfrequentpatterns.Generally, thenumberof maximalfrequentpatternsis muchsmallerthanthenumberof all
thefrequentpatterns,leadingto higherreadabilityof frequentpatternfiles. Second,SLPMiner andFSG cangenerate
transaction-IDlists (TID-lists) indicatingwhichsequencesor graphtransactionssupportaparticularfrequentpattern.
Third, all threeprogramscangenerateparent-children-lists(PC-lists)thatcanbeusedto constructthefrequentpattern
lattice.

Outline of PAFI’s Manual

PAFI’smanualis organizedasfollows. Sections2, 3,and4 describethecommand-lineoptionsof thedifferentfrequent
patterndiscovery programsand the format of the input andoutput files that they requireandgenerate.Section5
describethegeneralfilenamerulesassociatedwith thevariousfiles generatedby PAFI’s programs.Finally, Section6
describesthesystemrequirementsfor thePAFI packageandprovidescontactinformation.
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2 The LPMiner Program

USAGE

LPMiner [optionalparameters] TranFile

DESCRIPTION

Usedto find all frequentitemsetssatisfyingaconstantor length-decreasingsupportconstraintfrom atransaction
file.

REQUIRED PARAMETERS

TranFile Thenameof thefile thatstorestheinput transactionsfrom which frequentitemsetpatternsareto be
found.Theformatof thetransactionfile is describedin Section2.1.1.

OPTIONAL PARAMETERS

-s FLOAT, --support=FLOAT
This parametersetsthe constantminimum supportin percentage.This valuemustbe in the range
of [0.0, 100.0]. The default valueis 5.0%. Note that if the minimum supportis setto 0.0, all the
frequentpatternswith at leastonesupportingtransactionareoutput. If -Sstring option is specified,
-s floatoptionis ignored.

-S FILE, --supptable=FILE
This parameterspecifiesthefile thatstoresthe length-decreasingsupportconstraint.Theformatof
this file is describedin Section2.1.2.This parameterhides-sfloat option.

-m INT, --minsize=INT
This parametersetstheminimumlengthof frequentpatternsto beoutput.Thedefault valueis one.
If this parameteris setto a valuegreaterthanone,theamountof time requiredto find the frequent
patternswill bedecreased.

-M INT, --maxsize=INT
This parametersetsthe maximumlength of frequentpatternsto be output. The default value is
4,294,967,295(0xffffffff) . If this parameteris setto a smallervalue,thentheamountof time taken
for finding frequentpatternsmaybedecreased.

-x, --maximal
Generatesmaximal frequentpatternsonly. The currentversionof LPMiner doesnot containany
optimizationsto actually reducethe amountof time requiredto find maximal patterns,and this
parameteris usedsolelyto limit theamountof informationthatis beingoutput.

-p, --parent-children-list
Generatesa file that shows the parent-childrenrelationshipsamongfrequentpatterns.Theserela-
tionshipsarereferredto asPC-list. For eachfrequentpattern,p, its PC-list containsall frequent
patternsc, suchthatc is amaximalfrequentsub-patternof p. NotethatwhenLPMiner is usedwith
a constantsupportconstraint,thePC-listscorrespondto thefrequentpatternlattice.

ThePC-listsarestoredin a file, which hasthesamenameastheinput file with file extension“.pc”
added.Theformatof thePC-listfile is describedin Section2.2.2.

-h, --help
Displaysashortsummaryof thevariousoptionsto thestandardoutput.

OUTPUT

Thediscoveredfrequentpatternsarestoredin a file thathasthesamenameastheinput file with file extension
“.fp” added.Theformatof this frequentpatternfile is describedin Section2.2.1.

TheLPMiner programalsogeneratesandprintsvariousstatisticsregardingtheinputfile, thediscoveredfrequent
patterns,andtheamountof time takenduring thevarious stagesof thecomputation.Thesameinformationis
alsoappendedto afile calledlpminer.log .
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NOTE

TheLPMiner programusesanin-memoryimplementation.For this reason,thesizeof thedatasetsthatcanbe
processedarelimited by theamountof physicalmemoryin your system.If that is not enough,you canusethe
SLPMiner programto find frequentitemsetpatterns,asit is disk-based.However, theruntimeof SLPMiner is
anorderof magnitudehigherthanLPMiner.

2.1 Input File Formats

LPMiner takes asinput two differentfiles. The first is the TranFile that containsthe transactionsfrom which the
frequentpatternswill bediscovered,andthesecondfile is thelength-decreasingsupportconstraintfile (SuppFile) that
indicatesthedifferentminimumsupportvalues associatedwith eachpatternlength.NotethattheSuppFile is optional
andis usedonly whenthe-S is specified.Theformatof thesefiles is describedin therestof thissection.

2.1.1 Transaction File

A transactionfile is anASCII file in whicheachline representsa transaction.A transactionis asetof itemsseparated
by oneor morespacesor tabs.Eachitem canbe any stringexcept-1. Thereareno restrictionson how theitemsare
orderedwithin eachtransaction.Figure1 showssomeexamplesof differenttransactionfiles.

1 2 4 6 7 9 11
1 2 3 4 6 7 8 9 12 13 15 17
5 7 9 10 11 13 15 18
1 2 4 5 16 19 20
0 1 2 4 8 9 11 13 15
0 1 2 6 12 14 19
2 3 6 8 9 10 12 14 15 16 19
2 4 6 7 8 11 12 14 16 17
1 2 3 4 5 8 10 14 18
0 1 2 4 6 9 11 13

item1 item3 item6 item4
item3 item6 item4 item1

item1 item4 item7
item3 item2 item7

apple orange pear melon
orange pear
orange melon peach
apple orange grape melon

(a) (c)

(b)

Figure 1: Examples of transaction files accepted by LPMiner. Note that the items can be arbitrary strings.

If a line containsnothingexceptspacesor tabs,the line is ignoredand it is not countedwhendeterminingthe
total numberof transactions.Also, if a line containsduplicateitems,thenthe duplicateoccurrencesof an item are
ignored. Orderingof the itemswithin eachtransactiondoesnot affect the arrangementof itemsin frequentpattern
filesgeneratedby LPMiner.

2.1.2 Length-Decreasing Suppor t Constraint File

A lengthdecreasingsupportconstraintis a non-increasingfunction of patternlength, f (m) (m = 1, 2, . . . ). The
lengthof apatternis thenumberof itemsin thepattern.A patternwith lengthm is frequentif andonly if its supportis
at least f (m)%. Thesupportof apattern(in percentage)is definedas100m/n, wherem is thenumberof transactions
supportingthepatternandn is thenumberof all thetransactionin theinput transactionfile.

A length-decreasingsupportconstraintis specifiedby anASCII file. Eachline of thefile containsapairof numbers
m and f (m) separatedby onespace.Thenumberm is anintegergreateror equalto one andf (m) is a floatingpoint
number(0.0 ≤ f (m) ≤ 100.0) indicatingtheminimumsupportfor patternsof lengthm. Notethatit mustalwayshold
that f (m1) ≥ f (m2) for any two integersm1 andm2 suchthatm1 < m2. All linesmustbesortedin theascending
orderof m. Thefirst line of thefile mustalwaysspecifytheminimumsupportfor m = 1. Also, for patternswhose
length is greaterthanthe largestm valuespecifiedin the file (mmax), LPMiner finds theselongerpatternsusinga
minimumsupportcorrespondingto f (mmax).

Figure2(a) shows an exampleof length-decreasingsupportconstraintfile. Given this length-decreasingsupport

5



1 5.0
2 5.0
3 5.0
4 4.5
5 4.5
6 4.5
7 4.0
8 4.0
9 4.0

1 5.0
4 4.5
7 4.0

An example of  
length−decreasing
support constraint file.

(a) Shortened length−decreasing
support constraint file.

(b)

Figure 2: Examples of length-decreasing support constraint files.

constraintfile, LPMiner uses4.0%asthe minimum supportfor patternsof lengthgreaterthan9. If for a rangeof
pattern-lengths,theassociatedminimumsupportvaluesarethesame,thenall but thefirst occurrenceof theidentical
supportscanbeomitted.For example,thelength-decreasingsupportconstraintfile in Figure2(a)canbeshortenedto
thatshown in Figure2(b).

In addition,youcanspecifymorethan100.0as f (m) value.In thatcase,nofrequentpatternswith lengthm will be
generated.Anotherspecialcaseis whenyou specify0.0as f (m) value. In thatcase,LPMiner outputsevery pattern
thatis supportedby at leastonetransaction.

2.2 Output File Formats

Uponsuccessfulexecution,LPMiner outputsthediscoveredpatternsinto a file calledthe frequentpatternfile. If the
-x optionhasbeenspecified,thenthis file containsonly themaximalpatterns,otherwiseit containsall patternsthat
satisfytheminimumsupportconstraint(s).In addition,if theuserhasspecifiedthe-p option,LPMiner will generate
anadditionalfile calledthePC-list file, thatcontainstheparent-childrenrelationshipsamongfrequentpatterns.The
formatof thesefiles is describedin therestof this section.

2.2.1 Frequent Pattern File

The frequent-patternfile (*.fp) storeseither the frequent orthe maximal frequentpatternsdiscoveredby LPMiner.
Thepatternsin thisfile aresortedin increasingorderof theirpatternlength.Eachline hasthefollowing format:

PATTERNID FREQ SUPPPATTERN

PATTERNID is a uniqueidentifier of the patternand is given as a LEVEL-NODEpair, whereLEVEL is equalto
the lengthof the patternminusone,andNODE is a uniquenumberassociatedwith that patternof that particular
LEVEL. The NODE-numbersrangefrom zeroto the numberof patternsof that LEVEL minusone. The pattern’s
PATTERNID is usedto relatethefrequentpatternwith recordsin otheroutputfiles producedby LPMiner. FREQis
thenumberof supportingsequencesandSUPPis thesamevaluein percentage.PATTERNis the frequentpatternin
thesameformatastheinput transactionfile. All theitemsin eachitemsetof PATTERNis sortedsothat integerscome
first arrangedby thenumericalordering,andthennon-integerstringsfollow arrangedby the lexicographicordering.
Figures5(b) and5(d) shows two examplesof frequentpatternfilesproducedby LPMiner.

2.2.2 PC-List File

A parent-childrenlist (PC-list)representsparent-childrenrelationshipsamongthepatternsandcanbeusedto construct
the latticeof frequentpatterns.The precisemeaningof what constitutesthechildrenpatternsof a particularparent
pattern dependson whetheror not the patternswherediscoveredusing a constantor a length-decreasingsupport
constraint.If constantsupportwas used,thenfor eachparentpatternof sizek, its childrenpatternscorrespondto all
of its sub-patternsof sizek − 1. However, if a lengthdecreasingsupportconstraintwas used,thenfor eachparent

6



2−2 2−32−0 2−1

0−0 0−1 0−2 0−3 0−4

1−11−0 1−2 1−3 1−5 1−61−4 1−7

3−0

null

3−0 2−1 2−0 2−3 2−2
2−0 1−7 1−2 1−1
2−1 1−7 1−4 1−3
2−2 1−3 1−1 1−5
1−0 0−1 0−0
1−1 0−3 0−0
1−2 0−4 0−0
1−3 0−3 0−2
1−4 0−4 0−2
1−5 0−2 0−0
1−6 0−3 0−0
1−7 0−4 0−3
0−0
0−1
0−2
0−3
0−4

(a) An example PC−list (b) It’s corresponding pattern lattice

Figure 3: PC-lists and Pattern Lattices.

patternof sizek, its childrenpatternscorrespondto all of its maximal frequentsub-patternsof length lessthank.
Note that this distinctionis dueto the fact thannot all patternsin the traditionalitemsetlatticewill satisfythegiven
length-decreasingsupportconstraint.

Theformatof thePC-listfile (*.pc) is asfollows. It containsasmany linesasthenumberof frequentpatterns,and
for eachparentpatternit lists its childrenpatternsin thefollowing format:

<PARENTPATTERNID> <CHILD PATTERNID 0> <CHILD PATTERNID 1> . . .

Both <PARENTPATTERNID> and<CHILD PATTERNID X> are in the LEVEL-NODEform describedin Sec-
tion 2.2.1,andrepresentthepatternsthatwerediscoveredby thealgorithm.

Figure3(a)showsanexampleof PC-listfile. In thisexample,thepatternsweregeneratedusingaconstantminimum
supportandfor this reasonthePC-listcanbeusedto createthefrequentitemsetlatticeshown in Figure3(b).

2.3 Examples

Figure4 showsanexampleof usingLPMiner. In thisexample,LPMiner is given an input transactionfile TranFile
shown in Figure5(a). This transactionfile hasa total of 10 transactions.The “-s” option is usedto settheconstant
minimum supportto 50%. Thus, the output frequentpatternfile TranFile.fp shown in Figure 5(b) contains
frequentpatternsthataresupportedby at least10× 50/100= 5 transactions.For example,frequentpattern{1 2 4 }

has6 supportingtransactions–asupportvalue of60.0%.Thefirst field in eachoneof thelinesin thefrequentpattern
file, e.g., 2-0 , indicatesthePATTERN ID of thepatternshown on thatline.

In Figure4, the“-p” optionwas usedto generatea PC-listfile. Figure5(c) shows thePC-listfile TranFile.pc .
Eachline of the PC-list file hasthe PATTERN ID of the parentpatternfollowed by a setof PATTERN IDs corre-
spondingto its childrenpatterns.For example,pattern{2 4} with PATTERN ID 1-3 haschildrenpatterns{2} and
{4} that have PATTERN IDs {0-6 } and{0-4 }, respectively. This parent-childrenrelationshipis shown in the fifth
line of Figure5(c). Pattern{2 4} is alsoa child of pattern{1 2 4 } with PATTERN ID {2-0 }. The first line of
Figure5(c) shows this relationship.

If LPMiner is given maximalpatternoption “-x”, all thenon-maximalfrequentpatternsareeliminatedfrom fre-
quentpatternsin Figure5(b). Figure5(d) shows theresultingfrequentpatternfile.
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prompt% lpminer -s 50.0 -p TranFile
*************************************** *** ******************** *** ************ ***
lpminer (PAFI 1.0) Copyright 2003, Regents of the University of Minnesota

Transaction File Information ------------------------------------ ------------ ---
Transaction File Name: TranFile
Number of Input Transactions: 10
Number of Distinct Items: 21
Average Number of Items In a Tran: 8.800
Maximum Number of Items In a Tran: 12

Options -------------------------------------- ---------------- --- ------------ ---
Minimum Output Pattern Size: 0
Maximum Output Pattern Size: 4294967295
Constant Minimum Support: 50.000000
PC List File Generation: Generate
Non-Maximal Frequent Pattern Pruning: Skip

Solution ------------------------------------- ---------------- --- ------------ ---
Frequent Pattern File: TranFile.fp
PC List File: TranFile.pc
Number of Frequent Patterns: 14
Number of Frequent Patterns[Length 1] 7
Number of Frequent Patterns[Length 2] 6
Number of Frequent Patterns[Length 3] 1

Timing Information ----------------------------------- -------- --- ------------ ---
Input File Transformation: 0.006 sec
Generating Frequent Pattern File: 0.006 sec
Generating PC List File: 0.005 sec

*************************************** *** ******************** *** ************ ***

Figure 4: Output of LPMiner

2−0 1−3 1−4 1−5
1−0 0−1 0−6
1−1 0−2 0−6
1−2 0−3 0−6
1−3 0−4 0−6
1−4 0−4 0−5
1−5 0−6 0−5
0−0
0−1
0−2
0−3
0−4
0−5
0−6

PC−List File
"TranFile.pc"

(c)

1 2 4 6 7 9 11
1 2 3 4 6 7 8 9 12 13 15 17
5 7 9 10 11 13 15 18
1 2 4 5 16 19 20
0 1 2 4 8 9 11 13 15
0 1 2 6 12 14 19
2 3 6 8 9 10 12 14 15 16 19
2 4 6 7 8 11 12 14 16 17
1 2 3 4 5 8 10 14 18
0 1 2 4 6 9 11 13

(a) Transaction File "TranFile"

0−0 5 50.000 11
0−1 5 50.000 8
0−2 6 60.000 9
0−3 6 60.000 6
0−4 7 70.000 4
0−5 7 70.000 1
0−6 9 90.000 2
1−0 5 50.000 2 8
1−1 5 50.000 2 9
1−2 6 60.000 2 6
1−3 7 70.000 2 4
1−4 6 60.000 1 4
1−5 7 70.000 1 2
2−0 6 60.000 1 2 4

Frequent Pattern
File "TranFile.fp"

(b)

0−0 5 50.000 11
1−0 5 50.000 2 8
1−1 5 50.000 2 9
1−2 6 60.000 2 6
2−0 6 60.000 1 2 4

Maximal Pattern
File "TranFile.fp "

(d)

Figure 5: Examples of the Input/Output files used/produced by LPMiner.
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3 The SLPMiner Program

USAGE

SLPMiner [optionalparameters] SequentialTranFile

DESCRIPTION

Usedto find all frequentsequentialpatternssatisfyingaconstantor length-decreasingsupportconstraintfrom a
sequentialtransactionfile.

REQUIRED PARAMETERS

SequentialTranFile
The nameof the file that storesthe input sequentialtransactionsfrom which frequentsequential
patternsareto befound.Theformatof thesequentialtransactionfile is describedin Section3.1.1.

OPTIONAL PARAMETERS

-s FLOAT, --support=FLOAT
This parametersetsthe constantminimum supportin percentage.This valuemustbe in the range
of [0.0, 100.0]. The default valueis 5.0%. Note that if the minimum supportis setto 0.0, all the
frequentpatternswith at leastonesupportingtransactionareoutput. If -Sstring option is specified,
-s floatoptionis ignored.

-S FILE, --supptable=FILE
This parameterspecifiesthefile thatstoresthe length-decreasingsupportconstraint.Theformatof
this file is describedin Section3.1.2.This parameterhides-sfloat option.

-m INT, --minsize=INT
This parametersetstheminimumlengthof frequentpatternsto beoutput.Thedefault valueis one.
If this parameteris setto a valuegreaterthanone,theamountof time requiredto find the frequent
patternswill bedecreased.

-M INT, --maxsize=INT
This parametersetsthe maximumlength of frequentpatternsto be output. The default value is
4,294,967,295(0xffffffff) . If this parameteris setto a smallervalue,thentheamountof time taken
for finding frequentpatternsmaybedecreased.

-x, --maximal
Generatesmaximalfrequentpatternsonly. Thecurrentversionof SLPMiner doesnot containany
optimizationsto actually reducethe amountof time requiredto find maximal patterns,and this
parameteris usedsolelyto limit theamountof informationthatis beingoutput.

-t, --tid-list
Generatesafile thatstoresfor eachpattern,theIDs of theinputsequentialtransactionsthatsupports
it. Theselistsarereferredto asTID-lists.

TheTID-lists arestoredin afile, whichhasthesamenameastheinputfile with file extension“.tid”
added.Theformatof theTID-list file is describedin Section3.2.3.

-p, --parent-children-list
Generatesa file that shows the parent-childrenrelationshipsamongfrequentpatterns.Theserela-
tionshipsarereferredto asPC-list. For eachfrequentpattern,p, its PC-list containsall frequent
patternsc, suchthat c is a maximal frequentsub-patternof p. Note that whenSLPMiner is used
with aconstantsupportconstraint,thePC-listscorrespondto thefrequentpatternlattice.

ThePC-listsarestoredin a file, which hasthesamenameastheinput file with file extension“.pc”
added.Theformatof thePC-listfile is describedin Section3.2.2.

-b INT, --bufsize=INT
This parametersetsthe sizeof the internalI/O buffer in megabytes.The default valueis 50. The
performanceof SLPMiner canbeimproved byincreasingthesizeof thebuffer. Thebuffer sizemust
beat leastaslargeasthelongestsequencein theinternalbinaryformat.Thisvaluecanbecalculated
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in termsof themaximumnumberof itemsetsin a sequence,m, andthemaximumnumberof items
in asequence,n, usingthefollowing formula:

20+ 4n + 4m

1000× 1000
MB

This valueis alsoobtainedfrom thelog file of SLPMiner.
-d PATH, --dir=PATH

This parametersetsthedirectoryto beusedfor storingintermediate*.lf. N files (describedin Sec-
tion 5). Thedefault valueis thedirectorywheretheprogramis invoked. Thesefiles aregenerated
during theexecutionof SLPMiner andaredeleteduponsuccessfulexecution.Theperformanceof
SLPMiner canbe improved by providing a pathon a disk that is attachedlocally on the machine
thatSLPMiner runs(i.e., you shouldnot beusinganetwork mounteddisk).

-h, --help
Displaysashortsummaryof thevariousoptionsto thestandardoutput.

OUTPUT

Thediscoveredfrequentpatternsarestoredin a file thathasthesamenameastheinput file with file extension
“.fp” added.Theformatof this frequentpatternfile is describedin Section3.2.1.

The SLPMiner programalsogeneratesa log-file calledslpminer.log , which storesvariousstatisticsre-
gardingtheinput file, thediscoveredfrequentpatterns,andtheamountof time takenduringthevarious stages
of thecomputation.Thesameinformationis alsoprintedon thestandardoutput.

NOTE

The SLPMiner programusesa disk-basedimplementationandcanscaleto very large datasets.The primary
constrainton the sizeof the datasetsthat it canprocessis the amountof free disk-spacethat is availablefor
storingintermediatedatafiles.

3.1 Input File Formats

SLPMiner takes asinputtwo differentfiles. Thefirst is theSequentialTranFile thatcontainsthesequentialtransactions
from which the frequentpatternswill be discovered,andthe secondfile is the length-decreasingsupportconstraint
file (SuppFile) that indicatesthedifferentminimumsupportvalues associatedwith eachpatternlength.Notethat the
SuppFile is optionalandis usedonly whenthe-S is specified.Theformatof thesefiles is describedin therestof this
section.

3.1.1 Sequential Transaction File

A sequentialtransactionfile is an ASCII file in which eachline representsa sequentialtransaction.A sequential
transactionis representedasanorderedlist of itemsetsseparatedby -1 . Eachitemcanbe any stringexcept-1, which
is the itemsetseparator. Thereareno restrictionson how the itemsareorderedwithin eachitemset.Figure6 shows
someexamplesof differentsequentialtransactionfiles.

If a line containsnothingexceptspacesor tabs,theline is ignoredandit is not countedwhendeterminingthetotal
numberof transactions.Also, if anitemsetcontainsduplicateitems,thentheduplicateoccurrencesof anitem within
thatitemsetareignored.Orderingof theitemswithin eachitemsetdoesnotaffect thearrangementof itemsin frequent
patternfilesgeneratedby SLPMiner.

3.1.2 Length-Decreasing Suppor t Constraint File

Theformatof thelength-decreasingsupportconstraintfile is identicalto thatusedby LPMiner andwas describedin
Section2.1.2. The only differenceis that sincea sequentialpatternconsistsof a sequenceof itemsets,its length is
equalto thetotal numberof itemsin all of its itemsets.
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1 2 −1 7 9 11 −1 7 8 9 −1 1 9 13 17
1 3 −1 1 2 6 7 8 9 −1 12 13 17
9 −1 10 13 15 18 −1 5 9 −1 11 15 18
1 2 4 5 −1 7 19 −1 1 2 4 −1 6 7 9 11
0 1 4 −1 9 11 13 −1 15
0 1 2 6 7 14 19 −1 2 −1 8 9 12 −1 16 19
1 2 3 −1 7 8 −1 6 9 10 12 −1 16 19
2 4 6 7 8 −1 11 12 14 16 17 −1 0 1 6 9 11 13
1 2 4 −1 0 7 8 −1 11 14 2 −1 8 −1 14 18
0 1 2 4 6 9 10 13

(a)

pear −1 peach pear
apple orange −1 apple pear −1 pear
apple orange peach −1 orange
melon orange peach −1 orange

(b)

Figure 6: Examples of sequential transaction files accepted by SLPMiner. Note that the items can be arbitrary strings.

3.2 Output File Formats

Upon successfulexecution,SLPMiner outputsthe discoveredpatternsinto a file calledthe frequentpatternfile. If
the -x optionhasbeenspecified,thenthis file containsonly themaximalpatterns,otherwiseit containsall patterns
that satisfythe minimum supportconstraint(s).In addition,if the userhasspecifiedthe -p option,SLPMiner will
generatethePC-list file thatcontainstheparent-childrenrelationshipsamongfrequentpatterns.Similarly, if theuser
hasspecifiedthe -t option,SLPMiner will generatetheTID-list file that shows thesequentialtransactionsthatare
supportedby eachpattern.Theformatof thesefiles is describedin therestof thissection.

3.2.1 Frequent Pattern File

Theformatof thefrequentpatternfile is identicalto thatusedby LPMiner andwas describedin Section2.2.1.

3.2.2 PC-List File

Theformatof thePC-listfile is identicalto thatusedby LPMiner andwasdescribedin Section2.2.2.

3.2.3 TID List File

For eachfrequentpattern,theTID-list file (*.tid) shows thesetof sequentialtransactionsthatsupportit (i.e., theset
of sequentialtransactionsthatcontainthepattern).Note that “TID” standsfor transactionidentifier. Eachline of a
TID-list file shows thelist of supportingtransactionsfor a discoveredfrequentpattern.Theformatof eachline is the
following:

<PATTERNID> <TID 0> <TID 1> . . .

<PATTERNID> is the ID of a frequentpatternand the remaining<TID x> entriesare the list of the supporting
transactionsseparatedby white spaces.The format of <PATTERNID> is in the LEVEL-NODEform describedin
Section2.2.1. The supportingtransactionIDs <TID x> arenon-negative integersandcorrespondto the orderthat
thesetransactionsappearedin theinputfile. Thefirst transaction’s ID in theinputfile is 0, thesecondtransaction’s ID
is 1 andsoon. TIDs in eachTID-list aresortedin ascendingorderof TID value.Figure8(d) shows anexampleof a
TID-list file.

3.3 Examples

Figure7 shows anexampleof usingSLPMiner. In this example,SLPMiner is given an input sequentialtransaction
file SeqTranFile shown in Figure8(a).Thisfile hasatotalof 10sequentialtransactions.In eachsequence,itemsets
areseparatedby “-1”. The“-S” optionis usedto specifythelength-decreasingsupportconstraintspecifiedin file func
shown in Figure8(b). Eachline in func specifiestheminimumsupportfor patternswith a length.For example,the
first line in func setstheminimumsupportof frequentpatternswith length1 to 80%.As for thepatternswith length
morethan4, theminimumsupportof length4 isapplied.Theoutputfrequentpatternfile SeqTranFile.fp shown
in Figure8(c) containsfrequentpatternsthataresupportedby at least10× 50/100= 5 sequentialtransactions.
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prompt% slpminer -S func -t SeqTranFile
*************************************** *** ******************** *** ************ ***
slpminer (PAFI 1.0) Copyright 2003, Regents of the University of Minnesota

Sequential Transaction File Information ------------------------------------- ---
Sequential Transaction File Name: SeqTranFile
Number of Input Transactions: 10
Number of Distinct Items: 20
Average Number of Items In a Tran: 11.200
Average Number of Itemsets In a Tran: 3.500
Average Number of Items In an Itemset: 3.200
Maximum Number of Items In a Tran: 15
Maximum Number of Itemsets In a Tran: 5
Maximum Binary Transaction Size: 92 Bytes

Options -------------------------------------- ---------------- --- ------------ ---
Buffer Size: 50.000000 MB
Temporary File Directory: Current Directory
Minimum Output Pattern Size: 1
Maximum Output Pattern Size: 4294967295
Length-Decreasing Support Constraint File: func
PC List File Generation: Skip
TID List File Generation: Generate
Non-Maximal Frequent Pattern Pruning: Skip

Solution ------------------------------------- ---------------- --- ------------ ---
Frequent Pattern File: SeqTranFile.fp
TID List File: SeqTranFile.tid
Number of Frequent Patterns: 11
Size of Projected Databases: 0.007388 MB
Number of Frequent Patterns[Length 1] 3
Number of Frequent Patterns[Length 2] 2
Number of Frequent Patterns[Length 3] 4
Number of Frequent Patterns[Length 4] 2

Timing Information ----------------------------------- -------- --- ------------ ---
Input File Transformation: 0.006 sec
Generating Frequent Pattern File: 0.107 sec

*************************************** *** ******************** *** ************ ***

Figure 7: Output of SLPMiner

The TID-list option “-t” is usedto generatethe TID-list file SeqTranFile.tid that is shown in Figure8(d).
Eachline correspondsto a frequentpatternandstartsfrom thePATTERN ID of thefrequentpattern,followedby its
TID list. For example,pattern{1 - 1 7 8 } hasa PATTERN ID 2-0 andis supportedby thefirst, second,seventh,
andeighthtransactionsin SeqTranFile . Thus,theTID-list of pattern2-0 is {0 1 6 8 } (TID numbersstartfrom
0).

1 2 −1 7 9 11 −1 7 8 9 −1 1 9 13 17
1 3 −1 1 2 6 7 8 9 −1 12 13 17
9 −1 10 13 15 18 −1 5 9 −1 11 15 18
1 2 4 5 −1 7 19 −1 1 2 4 −1 6 7 9 11
0 1 4 −1 9 11 13 −1 15
0 1 2 6 7 14 19 −1 2 −1 8 9 12 −1 16 19
1 2 3 −1 7 8 −1 6 9 10 12 −1 16 19
2 4 6 7 8 −1 11 12 14 16 17 −1 0 1 6 9 11 13
1 2 4 −1 0 7 8 −1 11 14 2 −1 8 −1 14 18
0 1 2 4 6 9 10 13

(a) Sequential Transaction File "SeqTranFile"

1 80.0
2 60.0
3 40.0
4 30.0

Length Decreasing
Support File

(b)

0−0 9 90.000 1
0−1 8 80.000 2
0−2 9 90.000 9
1−0 6 60.000 1 −1 9
1−1 7 70.000 1 2
2−0 4 40.000 1 −1 7 8
2−1 4 40.000 1 2 −1 7
2−2 4 40.000 1 2 −1 9
2−3 4 40.000 1 2 −1 8
3−0 3 30.000 1 2 −1 7 −1 9
3−1 3 30.000 1 2 −1 7 8

Frequent Pattern File
"SeqTranFile.fp"

(c)

0−0 0 1 3 4 5 6 7 8 9
0−1 0 1 3 5 6 7 8 9
0−2 0 1 2 3 4 5 6 7 9
1−0 0 1 3 4 5 6
1−1 0 1 3 5 6 8 9
2−0 0 1 6 8
2−1 0 3 6 8
2−2 0 5 6 8
2−3 0 3 5 6
3−0 0 3 6
3−1 0 6 8

TID−List File
"SeqTranFile.tid"

(d)

Figure 8: Examples of the Input/Output files used/produced by SLPMiner.
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4 The FSG Program

USAGE

fsg [optionalparameters] GraphTranFile

DESCRIPTION

Findsall frequentconnectedundirectedsubgraphssatisfyingagivenminimumsupportthresholdconstraint.

REQUIRED PARAMETER

GraphTranFile
Thenameof thefile thatstorestheinputgraphtransactionsfrom whichfrequentconnectedsubgraphs
areto befound.Theformatof thegraphtransactionfile is describedin Section4.1.1.

OPTIONAL PARAMETERS

-s FLOAT, --support=FLOAT
Thisparametersetstheminimumsupportin percentile.Thisvaluemustbein therangeof (0.0, 100.0].
Thedefault valueis 5.0%.Notethatif theminimumsupportis setto 0.0,all thefrequentsubgraphs
with at leastonesupportingtransactionaregenerated.

-m INT, --minsize=INT
This parametersetsthe minimum sizeof frequentconnectedsubgraphsto be generated.The size
of a frequentsubgraphis the total numberof edgesin it. For example,thesizesof a triangleanda
squarearethreeandfour respectively. Thedefault valueis one.

-M INT, --maxsize=INT
Thisparametersetsthemaximumsizeof frequentconnectedsubgraphsto begenerated.Thedefault
valueis equalto INT MAX definedin <limit.h> and2,147,483,647ontypical32-bitsystems.If
this parameteris setto a smallvalue,theprogramwill stopafterfinding all thefrequentsubgraphs
of thespecifiedsize.

-x, --maximal
Generatesonly maximalfrequentsubgraphs.Becausethecurrentversionof FSG doesnot contain
any optimizationsfor getting the maximalpatternsonly, note that this option doesnot reducethe
runningtime.

-t, --tid-list
Generatesa file with the suffix “.tid” which containsthelists of supportingtransactionIDs for each
frequentsubgraphdiscovered.Theselistsarereferredto asTID-lists. Theformatof theTID-list file
is describedin Section4.2.3.

-p, --parent-children-list
Generatesa file that shows the parent-childrenrelationshipsamongfrequentpatterns.Theserela-
tionshipsarereferredto asPC-list. For eachfrequentpattern,p, its PC-list containsall frequent
patternsc, suchthatc is amaximalfrequentsub-patternof p.

ThePC-listsarestoredin a file, which hasthesamenameastheinput file with file extension“.pc”
added.Theformatof thePC-listfile is describedin Section4.2.2.

-h, --help
Displaysashortsummaryof theoptionsto thestandardoutput.

OUTPUT

Thediscoveredfrequentconnectedsubgraphsarestoredin a file with thesamebasenameasthe input file and
with the suffix “.fp”. Theformatof this frequentpatternfile is describedin Section4.2.1.

NOTE

FSG is implementedasin-memoryprogram.Thesizeof thedatasetsthatcanbeprocessedarelimited by the
amountof physicalmemoryin your system.
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4.1 Input File Format

FSG takes asinput theGraphTranFile thatcontainsthegraphtransactionsfrom which the frequentpatternswill be
discovered.Basicallythis formatis a simplifiedversionof SUBDUE[2] graphfile format.Thedetailof theformatis
describedin therestof thissection.

4.1.1 Graph Transaction File

A graphtransactionfile is anASCII file thatcontaina setof graphtransactions.Eachgraphtransactionbeginswith
thetransactionline whichstartswith theletter“ t ”. Next, asetof vertex lines follows. Then,asetof edgelinescomes.
Thereareonly four typesof lines including commentswhich areshown in Table 1. Vertex IDs arenon-negative
integersassignedin the increasingordersequentiallyfrom zero. If a graphhasN vertices,thereshouldbe N vertex
lines whose“<ID> ” is from 0 to N − 1. If a graphhasM edges,thereshouldbe M lines in total eachof which
containsapair of vertex IDs asits endpoints.

Line type Format Explanation
Comment # ... Everythingignoredafter“#”
Transaction t Thebeginningof a transaction
Vertex v <ID> <LABEL> A vertex ID <ID> andits vertex label<LABEL>

<ID> a non-negative integer, <LABEL> a stringwithout spaces
Edge u <ID1> <ID2> <LABEL> Endpoints<ID1> and<ID2> , andits edgelabel<LABEL>

<ID1> , <ID2> vertex IDs, <ID1> < <ID2>
<LABEL> astringwithout spaces

Table 1: Format of the graph transaction file

Figure9 showsagraphof four verticesandfiveedges.Edgesareunlabeled(i.e., all edgeshavethesamelabel“E”)
andvertex labelsareeither“black ” or “white ”. Figure10 shows thecorrespondinggraphtransaction.Note that
vertex andedgelinesmustbesortedin theascendingorderbasedon thevertex IDs andeachedgeappearsonly once
because“<ID1> ” mustbesmallerthan“<ID2> ” in theedgeline.

0

213

white

blackwhitewhite

Figure 9: Sample graph

t # 4 vertices and 5 edges
v 0 white
v 1 white
v 2 black
v 3 white
u 0 1 E
u 0 2 E
u 0 3 E
u 1 2 E
u 1 3 E

Figure 10: Sample graph transaction

4.2 Output File Formats

Upon successfulexecution,FSG outputsthe discoveredpatternsinto a file called the frequentpatternfile. If the
-x optionhasbeenspecified,thenthis file containsonly themaximalpatterns,otherwiseit containsall patternsthat
satisfythe minimum supportconstraint.In addition,if the userhasspecifiedthe -p option,FSG will generatethe
PC-list file thatcontainstheparent-childrenrelationshipsamongfrequentpatterns.Similarly, if theuserhasspecified
the-t option,FSG will generatetheTID-list file thatshowsthegraphtransactionsthataresupportedby eachpattern.
Theformatof thesefiles is describedin therestof thissection.
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4.2.1 Frequent Pattern File

Theformatof thefrequent-patternfile (*.fp) thatFSG usesto outputthepatternsthat it discoveredis similar to that
usedfor specifyingtheinput graphtransactions(describedin Section4.1.1).This is becauseFSG’s outputis a setof
frequentsubgraphswhichcanalsoberegardedasasetof graphs.

Theonly formatdifferenceis that thefrequent-patternfile containsadditionalinformationaboutthedifferentpat-
ternssuchastheir patternID andtheir frequencies.This informationappearascommentsin each“Transaction”line
(i.e., the line startswith “ t ”). Theexact formatof the“Transaction”line of thefrequent-patternfile andits meaning
is shown in Table2.

Line type Format Explanation
Transaction t # <PATTERN ID>, <COUNT> Thebeginningof a transaction,i.e.,a frequentsubgraph.

<PATTERNID> is theidentifierassignedto thesubgraph.This identifier
is in a similar LEVEL-NODEformatasthatusedby LPMiner andSLP-
Miner. However, in thecaseof FSG, LEVELcorrespondsto thenumber
of edgesin the frequentsubgraph.The sameID is usedby the PC-List
andTID-List files.
<COUNT>shows the total numberof transactionswhich containat least
one instanceof the frequentsubgraph. Naturally this count shouldbe
greateror equalto thesupportthresholdspecifiedby a user.

Table 2: Format of the “Transaction” line of the frequent-pattern file.

4.2.2 PC-List File

Theformatof thePC-listfile is identicalto thatusedby LPMiner andwasdescribedin Section2.2.2.
Figure11 shows a frequentsubgraphof size5 as well asits 5 subgraphsof size4. Notethattherearefive waysto

obtainsize-4subgraphsfrom this size-5subgraphby removing eachedge,only threearedistinct in termsof isomor-
phism. Thecorrespondingline in thePC-listfile becomes“5-0 4-0 4-14-2” showing that thesubgraph5-0 contains
thethreedistinctsubgraphs4-0,4-1and4-2.

0

13 2

0

13

0

13

0

13

0

13

0

13 2

2 2 2

2

5−0

4−0 4−1 4−2

4−0 4−2

Figure 11: Sample subgraph of size 5 and its children of size 4

5-0 4-0 4-1 4-2

Figure 12: The corresponding line in the PC-list file

4.2.3 TID-List File

Theformatof theTID-list file is identicalto thatusedby SLPMiner andwasdescribedin Section3.2.3.

4.3 Examples

Figure13 shows the executionof FSG at the commandline andits outputto the standardoutput. The input file is
named“test.g” which is shown in Figure14. Thediscoveredfrequentpatternsarestoredin the file named“test.fp”
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user@machine:˜ 1 $ ./fsg -s 100.0 -pt test.g
************************************* *** ************ ***
fsg 1.34 (PAFI 1.0) Copyright 2003, Regents of the University of Minnesota

Transaction File Information --------------------------
Transaction File Name: test.g
Number of Input Transactions: 2
Number of Distinct Edge Labels: 1
Number of Distinct Vertex Labels: 2
Average Number of Edges In a Transaction: 4
Average Number of Vertices In a Transaction: 4
Max Number of Edges In a Transaction: 6
Max Number of Vertices In a Transaction: 4

Options ------------------------------------ -------- ---
Min Output Pattern Size: 1
Max Output Pattern Size: 2147483647(INT_MAX)
Min Support Threshold: 100.0% (2 transactions)
Generate Only Maximal Patterns: No
Generate PC-List: Yes
Generate TID-List: Yes

Outputs ------------------------------------ -------- ---
Frequent Pattern File: test.fp
PC-List File: test.pc
TID-List File: test.tid

Number of Size-1 Frequent Patterns: 1
Number of Size-2 Frequent Patterns: 1
Number of Size-3 Candidates: 3
Number of Size-3 Frequent Patterns: 1

Largest Frequent Pattern Size: 3
Total Number of Candidates Generated: 3
Total Number of Frequent Patterns Found: 3

Timing Information ------------------------------------
Elapsed User CPU Time: 0.0[sec]

************************************* *** ************ ***

Figure 13: Execution of FSG

andis shown in Figure17. Note thatbesidestheactualdiscoveredsubgraphs,the frequentpatternfile alsocontains
a log of the run ascommentfields. The options“-p” and“-t” areusedeachof which specifiesto generatethe files
“test.pc”and“test.tid” respectively. Thecontentsof thetwo files areshown in Figures15 and16.

t # triangle
v 0 V
v 1 V
v 2 V
u 0 1 E
u 0 2 E
u 1 2 E
t # K 4
v 0 V
v 1 V
v 2 V
v 3 W
u 0 1 E
u 0 2 E
u 0 3 E
u 1 2 E
u 1 3 E
u 2 3 E

Figure 14: Graph Transaction File test.g

1-0
2-0 1-0
3-0 2-0

Figure 15: PC-List File test.pc

1-0 0 1
2-0 0 1
3-0 0 1

Figure 16: PC-List File test.tid
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# ************************************** *****************
# fsg 1.34 (PAFI 1.0) Copyright 2003, Regents of the University of Minnesota
#
# Transaction File Information --------------------------
# Transaction File Name: test.g
# Number of Input Transactions: 2
# Number of Distinct Edge Labels: 1
# Number of Distinct Vertex Labels: 2
# Average Number of Edges In a Transaction: 4
# Average Number of Vertices In a Transaction: 4
# Max Number of Edges In a Transaction: 6
# Max Number of Vertices In a Transaction: 4
#
# Options -------------------------------------- ---------
# Min Output Pattern Size: 1
# Max Output Pattern Size: 2147483647(INT_MAX)
# Min Support Threshold: 100.0\% (2 transactions)
# Generate Only Maximal Patterns: Yes
# Generate PC-List: Yes
# Generate TID-List: Yes
#
# Outputs -------------------------------------- ---------
# Frequent Pattern File: test.fp
# PC-List File: test.pc
# TID-List File: test.tid
#
t # 1-0, 2
v 0 V
v 1 V
u 0 1 E
t # 2-0, 2
v 0 V
v 1 V
v 2 V
u 0 1 E
u 0 2 E
t # 3-0, 2
v 0 V
v 1 V
v 2 V
u 0 1 E
u 0 2 E
u 1 2 E
# Number of Size-1 Frequent Patterns: 1
# Number of Size-2 Frequent Patterns: 1
# Number of Size-3 Candidates: 3
# Number of Size-3 Frequent Patterns: 1
#
# Largest Frequent Pattern Size: 3
# Total Number of Candidates Generated: 3
# Total Number of Frequent Patterns Found: 3
#
# Timing Information ------------------------------------
# Elapsed User CPU Time: 0.0[sec]
# ************************************** *****************

Figure 17: FP File test.fp
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5 Filename Rules

PAFI’sstand-aloneprogramsuseaspecificfile extensionfor eachfile typeasshown in Table3. In thetable,weassume
theinput transaction,sequentialtransaction,or graphtransactionfile is TEST, but you canchooseany file name.By
default, LPMiner, SLPMiner, andFSG generatethosefiles in Table3 on the directorywherethe input transaction
file resides.Only oneexceptionis *.lf. N files that canbe put in a directoryof your choice. This is becausethese
filesareaccessedsoextensively thattheI/O performanceonthesefilesaffectstheamountof timetakenby SLPMiner
dramatically.

Notethatif a file with thesamenameexists,LPMiner, SLPMiner, andFSG will overwriteit without askingyou.
Therefore,it is safeto avoid putting files that have the sameprefix asthe input transactionfile. Upon a successful
termination,all temporaryfilesaredeleted.

File Name Input/Output Description Option Program
TEST Input Item/Sequence/GraphTransactionfile N/A LPMiner, SLPMiner, FSG
TEST.fp Output Frequentpatternfile N/A LPMiner, SLPMiner, FSG
TEST.pc Output PClist file -p LPMiner, SLPMiner, FSG
TEST.tid Output TID list file -t SLPMiner, FSG
TEST.t conv Temporary Convertedtransactionfile N/A LPMiner, SLPMiner
TEST.fp conv Temporary Convertedfrequentpatternfile N/A LPMiner, SLPMiner
TEST.slp Temporary Binary transactionfile N/A SLPMiner
TEST.lf. N Temporary Projecteddatabasefile (N = 0, 1, 2, . . . ) N/A SLPMiner

Table 3: Extensions of files derived from transaction file “TEST”.

6 System Requirements and Contact Information

PAFI is written in ANSI C andC++ andhasbeenextensively testedunderLinux andSolaris. At this point PAFI’s
distribution is only in a binary format,asit is actively underdevelopment.However, we expectto make the source
codeavailablein futurereleases.

Eventhough,PAFI containsno known bugs,it doesnot meanthatall of its bugshavebeenfoundandfixed. If you
find any problems,pleasesendemailto karypis@cs.umn.edu, with abrief descriptionof theproblemyouhave found.
Also, any futureupdatesto PAFI will bemadeavailableon WWW athttp://www.cs.umn.edu/˜pafi.

7 Copyright Notice and Usage Terms

ThePAFI packageis copyrightedby theRegentsof theUniversityof Minnesota.It canbefreely usedfor educational
andresearchpurposesby non-profitinstitutionsandUSgovernmentagenciesonly. Otherorganizationsareallowedto
usePAFI only for evaluationpurposes,andany furtheruseswill requireprior approval. Thesoftwaremaynot besold
or redistributedwithout prior approval. Onemay make copiesof thesoftwarefor their use providedthat thecopies,
arenot soldor distributed,areusedunderthesametermsandconditions.

As unestablishedresearchsoftware,this codeis providedon an“as is” basiswithout warrantyof any kind, either
expressedor implied. The downloading,or executingany part of this softwareconstitutesan implicit agreementto
theseterms.Thesetermsandconditionsaresubjectto changeat any timewithout prior notice.
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